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(54) PRECIPITATION HARDENING TYPE HOT TOOL STEEL 

(57)Abstract: 

PURPOSE: To obtain precipitation hardening type hot tool steel in which the danger of large 
cracks in the process of using a die is prevented by improving its toughness to the level of 
hardened and tempered steel while the delivering hardness and high temp, strength of the 
existing precipitation hardening type hot tool steel are maintained and in which settling is 
improved by improving its high temp, softening resistance. 

CONSTITUTION: The compsn. of steel is formed of a one constituted of, by weight, 0.10 to 
0.3O% C, <1.0% Si, <1.0% Mn, 0.3 to 1.0% Ni, 1.0 to 3.0% Cr, 0.3 to 0.6%. V, 0.02 to 0.10% 
Nb and 1.0 to 3.0% of one or two kinds of Mo and W by Mo equivalent (1/2W+Mo), and the 
balance Fe with ordinary invitable impurities. The same steel is furthermore incorporated with 
0.2 to 1 .0% Co if necessary. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Tool steel between precipitation-hardening type heat which consists any one sort of Mo or the 
W, or two sorts of the remainder Fe and the usual unescapable impurity :1 .0-3.0% with Mo equivalent 
(1/2 W+Mo) C:0.10 to 0.30% by weight % less than [ Si: 1.0% ], less than [ Mn:1.0% ], nickel:0.3-1.0%, 
Cr: 1.0-3.0%, V:0.3 - 0.6%, and Nb:0.02-0.10%. 

[Claim 2] By weight %, C:0.10 - 0.30%, less than [ Si:1.0% ], less than [ Mn:1.0% ], nickel: 0.3-1.0%, 
Cr: 1.0-3.0%, V:0.3 - 0.6%, Nb: Tool steel between precipitation-hardening type heat which consists any 
one sort of Mo or the W, or two sorts of the remainder Fe and the usual unescapable impurity :1 .0-3.0% 
and Co:0.2-1.0% with Mo equivalent (1/2 W+Mo) 0.02-0.10%. 



[Translation done.] 
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[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the tool steel between heat of the precipitation- 
hardening type of especially high toughness by which it is used for hot-forging metal mold etc. 
[0002] 

[Description of the Prior Art] Conventionally, when the tool steel between heat is divided roughly on the 
heat treatment conditions given, it has the quenching-and-tempering type of SKD61 grade, and the 
precipitation-hardening type represented by 3nickel-3Mo steel The comparison of the tempering 
hardness curve of these two types of hardening tempered steel and precipitation-hardening steel is 
shown in drawing 1 . Drawing 1 shows that it is the steel type both indicate secondary hardening 
behavior to be, that the direction of precipitation-hardening steel has low secondary hardening hardness 
and 400-degree-C tempering hardness, etc. 

[0003] By the way, the quenching and tempering of the quenching-and-tempering type of the above- 
mentioned tool steel between heat are carried out on condition that [ which was machined by metal 
mold ] back predetermined, and it is used. In consideration of toughness and high temperature strength, 
the tempering temperature at this time is adopted, when elevated-temperature annealing of about 600 
degrees C is many. On the other hand, low-temperature annealing is carried out at about 400 degrees C, 
and the precipitation-hardening type of the above-mentioned tool steel between heat is supplied in the 
state of PURIHADON from a manufacturer, and is used after engraving processing, without heat- 
treating. 

[0004] When this precipitation-hardening type is seen by development circumstances, A steel of a 0.2% 
C-3%nickel-3%Mo system, There is a steel type of B steel of a 0.3%C-3%Cr-3%Mo system and C steel 
of a 0.2%C-0.8%nickel-3%Cr-2%Mo-V-Co system. Although A steel is high toughness, a difficulty is 
in high temperature strength, and it considers as the steel type which it excelled moderately in toughness 
and high temperature strength that its toughness was low and it has improved these both although B steel 
was excellent in high temperature strength, and it was developed at C steel conversely. 
[0005] And low C-low - inside Cr-Mo(W)-low [ V ] is used as the base, it has the crack-proof progress 
nature which added nickel and Co to this, elevated-temperature abrasion resistance, and dry-rough-skin- 
proof nature, and invention of JP,60-12420,B is proposed as tool steel between precipitation-hardening 
form heat of the antifriction life which does not produce a crack. 

[0006] The following two are mentioned as a big description of these precipitation-hardening die steel. It 
is that can cancel the trouble adhering to heat treatment and quality is guaranteed while one of them has 
unnecessary heat treatment by the user and it can measure reduction of cost, and compaction of time for 
delivery. It is that the two are performed at the temperature of about 400 degrees C of secondary 
hardening region this side so that it may become the hardness which can cut the tempering temperature 
in a manufacturer, metal mold skin temperature in use is presumed to be about 600-700 degrees C as 
hot-forging metal mold, therefore only the die face which needs reinforcement carries out precipitation 
hardening by the thermal effect during use, reinforcement rises, and a function is strengthened. 
[0007] However, as an actual die service life, the precipitation-hardening system is not [ especially / a 
hardening temper system ] longer lasting, and the present condition is that both are properly used by the 
application. The thing of a precipitation-hardening system has the low toughness inside metal mold a 
little as compared with the thing of a hardening temper system as the main cause, and it is because there 
is danger of a large crack while in use. 
[0008] 

[Problem(s) to be Solved by the Invention] It is maintaining the existing delivery hardness (it being 
related to the mold workability by the side of a user) and the high temperature strength of the tool steel 
between precipitation-hardening type heat, and raising toughness (especially toughness inside metal 
mold) on the level of hardening tempered steel, and preventing the risk of a large crack mold in use. 
Furthermore, it is raising elevated-temperature softening resistance and improving a permanent set in 
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fatigue. 

[0009] if a concrete development target shows this — 400 degree-C tempering hardness :HRC 40-44 
(diesinking processing is possible), 46 or more (high temperature strength is high) 600 degree-C 
tempering hardness :HRC(s), and Charpy-impact-value (400-degree-C tempering condition):50 J/cm2 It 
is considering as the above (the toughness inside a mold being high). 
[0010] 

[Means for Solving the Problem] in order that this invention may solve the above-mentioned technical 
problem, while it adds especially Nb, makes crystal grain detailed remarkably in the tool steel between 
precipitation-hardening form heat and raises toughness - nickel and Cr of a component — the reduction 
in nickel — and it turns low Cr, improvement in elevated-temperature softening resistance is aimed at, 
and a permanent set in fatigue is improved. Furthermore, Co is added to the application which needs 
especially softening resistance-proof. 

[001 1] For this reason, the tool steel between precipitation-hardening type heat of this invention By 
weight %, (1) C:0. 10-0.30%, less than [ Si: 1.0% ], Mn: Less than [ 1.0% ], nickel:0.3-1.0%, Cnl.0- 
3.0%, V:0.3 - 0.6%, and Nb:0.02-0. 1 0%, any one sort of Mo or the W or two sorts are made into : 1 .0- 
3.0% with Mo equivalent (1/2 W+Mo), and it consists of the remainder Fe and the usual unescapable 
impurity, And it is characterized by adding Co:0.2-1.0% further to the steel of (2) above. 
[0012] 

[Function] While crystal grain is remarkably made detailed and toughness of tool steel [ especially ] of 
this invention between precipitation-hardening type heat is improving by having added Nb, nickel and 
Cr of elevated-temperature softening resistance of a component improve the reduction in nickel, and by 
having turned low Cr, and the permanent set in fatigue is improved. Furthermore, softening resistance- 
proof is improving especially by having added Co in addition to the above. 

[0013] When Charpy impact value shows the toughness inside metal mold (1030-degree-C Q->400- 
degree-C test piece [ T and JIS No. 3 ]) here, 0.8%nickel-3% Cr of the conventional steel As opposed to 
being 43.8 J/cm2 (test-temperature (HRC44.7) room temperature) and 77.4 J/cm2 (test temperature of 
100 degrees C (HRC44.8)) 2% this invention steel of Nb steel of Cr It is 80.7 J/cm2 (test-temperature 
(HRC43.0) room temperature) and 127.6 J/cm2 (test temperature of 100 degrees C (HRC42.9)), and this 
invention steel is conventionally compared with steel, and its toughness is improving remarkably. 
[0014] Furthermore, the hardening temper hardness property of the tool steel between precipitation- 
hardening type heat is shown in drawing 2 . Although this invention steel of Nb content of Cr is falling 
enough as compared with steel conventionally 2% as hardness with a tempering temperature of 400 
degrees C is shown in Downarrow, the hardness of 600 degrees C is conventionally raised enough as 
compared with steel, as shown in a upward arrow head. 

[0015] Moreover, the elevated-temperature softening resistance of the tool steel between precipitation- 
hardening type heat is shown in drawing 3 . Even if it holds this invention steel of Nb content of Cr in 
reheating temperature of 600 degrees C 2% for 100 hours, hardness is compared with steel 
conventionally with 35 or more by HRC, and is extremely excellent in elevated-temperature softening 
resistance. 

[0016] Below, an operation of each chemical entity of this invention steel and its reason for addition 
limitation are shown. C is an element which combines with Cr, Mo, V, Nb, etc., forms carbide, and 
gives high temperature strength and abrasion resistance while giving sufficient matrix hardness by 
quenching and tempering. However, since it became impossible exceeding 0.30% for the hardness after 
hardening to become high if many [ too ], and to hold down PURIHADON delivery hardness to 44 or 
less HRC with good cutting, the upper limit was made into 0.30%. On the other hand, at less than 
0.10%, since sufficient hardness was not obtained, the minimum was made into 0.10%. 
[0017] Si is an element effective in oxidation resistance and hardenability while mainly being added as 
deoxidation material. Since the thermally conductive fall and the fall of toughness were caused when it 
added exceeding 1.0%, the upper limit was made into 1 .0%. 

[0018] Mn is an element which raises hardenability while it adds as deoxidation material like Si and it 
raises the cleanliness of steel. However, since toughness was reduced when it was addition exceeding 
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1.0%, the upper limit was made into 1.0%. 

[0019] Although hardenability is raised, nickel is a very effective element in this invention, and in order 
to acquire the effectiveness, it is required at least 0.3%. However, it is A 1 when it adds exceeding 1.0%. 
Since machinability was also degraded while reducing the transformation point and degrading elevated- 
temperature softening resistance, i.e., thermal resistance, the upper limit was made into 1.0%. 
[0020] It is an element which raises hardenability while Cr combines with C, forms a hard-coal ghost 
and raises abrasion resistance. For that purpose, 1 .0% or more is required. However, if it adds so much 
exceeding 3.0%, while hardening hardness will become high and degrading the machinability in a 
PURIHADON condition, in order to cause condensation big and rough-ization of Cr carbide and to 
degrade elevated-temperature softening resistance, the upper limit was made into 3.0%. 
[0021] Mo and W both form detailed carbide, and are abrasion resistance and an element which carries 
out a softening resistance-proof improvement. However, W is the 2 double need for Mo that the Mo of 
the effectiveness is twice as stronger as W, and it acquires the same effectiveness. Since both elements 
reduced toughness and heat-check-proof nature when it added not much mostly, they are Mo equivalent 
(1/2 W+Mo), and made the upper limit 3.0%. Moreover, since the above-mentioned addition 
effectiveness was not acquired when too few, the minimum was made into 1 .0% of Mo equivalents. 
[0022] Although V was an element which forms the carbide which cannot dissolve easily and raises 
abrasion resistance and softening resistance-proof, it is also the element which promotes stripes-like 
microsegregation, and, as for superfluous addition, made the upper limit 0.6% preferably from a 
viewpoint of toughness in this invention. On the other hand, since wear-resistant improvement was not 
obtained at less than 0.3%, the minimum was made into 0.3%. 

[0023] Nb is an element which forms the carbide which cannot dissolve easily like V and improves 
abrasion resistance and softening resistance-proof. Furthermore, it is an important element in this 
invention which controls big and rough-ization of the austenite crystal grain at the time of hardening 
heating, and raises toughness remarkably. This effectiveness is more remarkable than V and bigger 
effectiveness is acquired by little addition. Therefore, in this invention, Nb was added positively and the 
amount was made into 0.02 - 0.10%. That is, less than by 0.02, carbide will become large and Nb will 
reduce toughness, if the grain-refining effectiveness is not enough and adds exceeding 0.10%. 
[0024] Co controls carbide condensation big and rough-ization in an elevated temperature, and is an 
element effective in especially softening resistance-proof. In this invention, although Co was added to 
the application which needs especially softening resistance-proof, since toughness was reduced when it 
is required at least 0.2% in order to acquire such effectiveness, and it exceeded 1 .0%, the upper limit 
was made into 1.0%. 
[0025] 

[Example] Tapping of the 100kg of each steel of test specimen No.A-H of this invention steel and test 
specimen No.I-J of comparison steel was carried out with the vacuum induction melting furnace. The 
chemical entity of the steel of 10 heat which carried out tapping is shown in Table 1 . The steel ingot 
with a pitch diameter of 190mm was produced from each steel of test specimen No. A- J shown in Table 
1> cogging of this was carried out, it considered as 40mm of angles, and each test piece was produced, 
annealing after hanging on 1000 degrees C for 30 minutes, carrying out furnace cooling to them and 
hardening them from 1000 degrees C to 500 degrees C after 30-minute maintenance as the heat 
treatment approach ~ **400-degree-Cx 60 minutes - carrying out - air cooling - and it carried out for 
**600-degree-Cx 60 minutes, and two kinds of air cooling were carried out. 
[0026] 
[Table 1] 
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[0027] The core of two kinds of tempering material, ** and **, was measured for quenching-and- 
tempering hardness by the Rockwell C scale weighting after the above-mentioned heat treatment by 
making magnitude of each test piece into 40mm x die length of 40mm of angles. On the other hand, the 
thing with a 40mm x die length [ of angles ] of 60mm was piece[ of a Charpy test ]-processed for the 
magnitude of a heat treated specimen from the core about 400-degree-C tempering material after the 
above-mentioned heat treatment, U notch processing of 10mm x die length of 55mm of JIS No. 3 test 



http://www4.ipdlncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



5/11/2006 



JP,06-235046,A [DETAILED DESCRIPTION] 



Page 5 of 6 



piece angles was carried out, and Charpy impact value was measured in ordinary temperature. 
Furthermore, after the above-mentioned heat treatment, after 600 degree-Cx 100-hour maintenance, air 
cooling was carried out, the hardness of a test piece core was measured, the difference with initial 
hardness estimated this, and the softening resistance trial was carried out in the electric furnace about 
400-degree-C tempering material by making magnitude of a test piece into 40mm x die length of 40mm 
of angles. The result of each above-mentioned trial is shown in Table 2. Table 2 to the comparison steel 
I has very bad Charpy impact value, and its value of -12 and minus is [ the comparison steel J / the value 
of elevated-temperature softening resistance ] very bad greatly. It compares with this and it turns out that 
each this invention steel is excellent in Charpy impact value and elevated-temperature softening 
resistance. 



[0028] 
Table 2] 




ma n i 


SSAi&IILStS ( HRC ) 


V Of Kilu J 


mm. 

( & HRC ) 




No 




vvw \s /!7UiS\. \s 
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42.1 


46.0 


95 0 
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42.7 


47.2 


98.3 


-5.2 




C 


! 41.8 


46.1 


83.0 


-5.4 
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42.1 


46.5 


83.1 


-5.9 
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-6.2 
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Jt 
tt 
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47.5 


30.3 


-5.2 
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38.6 


43.2 


63.2 


- 12.2 



[0029] Next, the result of having investigated the effect of Nb addition exerted on toughness based on 
Charpy impact value is shown in drawing 2 . The chemical entities of the sample offering steel used for 
the experiment are Remainder Fe and an unescapable impurity at 0.18%C-0.5%Si-0.4%Mn-0.6%nickel- 
1.8%Cr-2.0%Mo-0.4%V-0.4%Co-(0 - 0.16%) Nb. The test piece creation approach and the test method 
are the same as that of the above-mentioned example. 

[0030] Nb addition takes for increasing, Charpy impact value increases linearly so that drawing 2 may 
show, and for Nb, Charpy impact value is about 70 J/cm2 at 0.02%. It becomes, the amount of increases 
becomes loose gradually from there, and Charpy impact value is about 85 J/cm2. It reaches, if Nb 
exceeds 0.10% — Charpy impact value ~ about 78 J/cm2 from - it begins to decrease rapidly. 
Therefore, the addition of the field of toughness to Nb needs to consider as 0.02 - 0.10%. 
[0031] The microstructure photograph of the from book name steel H and the comparison steel I in 
Table 1 is indicated to be (a) of drawing 5 to (b). Generally nitriding treatment of metal mold between 
heat like the application of this invention is carried out the making abrasion resistance add purpose in 
many cases, and drawing 5 is a thing in the condition of having performed after [ quenching and 
tempering ] ion nitriding treatment. This heat treatment condition and ion nitriding treatment conditions 
are shown below. 
[0032] 
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Hardening :1000-degree-Cx 30-minute maintenance -> filrnace-cooling annealing : 400 degree-Cx 60- 
minute maintenance -> air-cooling ion nitriding: 530 degree-Cx8 hour [0033] Compared with the 
comparison steel I with which this invention steel H which added Nb of (a) of drawing 5 0.06% does not 
contain Nb of (b) of drawing 5 , it turns out that crystal grain is clearly made detailed. 
[0034] 

[Effect of the Invention] As explained in full detail above, in the tool steel between precipitation- 
hardening type heat, crystal grain is remarkably made detailed by containing Nb, toughness of this 
invention steel [ especially ] is improving, it does not soften, even if elevated-temperature softening 
resistance improves and it holds nickel and Cr of a component to a long duration elevated temperature 
the reduction in nickel, and by having turned low Cr, and setting is improved. Moreover, since softening 
resistance-proof is improving especially by having added Co in addition to this, it is what was extremely 
excellent as compared with the conventional thing as tool steel between heat for the metal mold used 
between heat. 



[Translation done.] 
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BSR<0fcWfcifcLTASi*l»<0lltt3&WS<. ffiffl* 
K*dWuojaflfttta«* 4 i t fc<k & . 
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b&m&zmfi. fioistt (mz&mmm®) 
rtut $ <±x y * i k * . 

[0009] Cit«rJHfWWrB!»B«'C*1-i: .400 
•CMML-SS : HRC4 0-4 4 (fiBOftlX^&SfC 
t) „ 6 0 0Ta*RUBS : HRC4 6CU: <i«S3§L& 
*«KV>it) . : s*}W-fflm. (4 0 0'CffiMLtf 
30 JB) : 50J/cm' JiLh (£|*iaW»tt*«SV*£ fc ) 

btiztx-hh. 
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tt. m&%X\ ( 1 ) C : 0 . 1 0-0 . 3 0%, S 
i : 1 . 0%OT. Mn : 1 . 0XBTF. N i : 0. 3 
-1. 0%. Cr : 1. 0-3. 0%. V: 0. 3- 
0. 6%. Nb : 0. 0 2-0. 1 0%. MoXteW?) 
0-ftl*naX<42SS:MoS« ( l/2W+Mo) 
■C: 1. 0-3. 0%bl. miFetS£t/m%cD7F*i 
mm®tfrt>%&Zb.t5£V. (2)±Ktf)f!£, 
HCCo:0. 2-1. 0X*aSjDUfeikfe1*B 
b-fh. 
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SOtftU 2%Cr(DHbm<?)*%Pm&. 8 0. 7 
J /cm' (HRC4 3. 0) (iSMi&&m&) . 12 
7. 6J/C01 2 (HRC42. 9) (ISfii&glOO 

x; ) -eft o , WJBHttt&MStcJt l < ifii± 

[ o o 1 4 ] § uz. m^fmmxmiMnm 
xffimnw&z^t. *mim.Aoo'c<mis\t. 

Tfi # ^EP(C*-f i 3K2%CrONb £*<9#?gHHIH 20 
0 0XJ^a$(iln6l#*WfcSrr J d tfieWHWtLT 

[ o o 1 5 j m3iztf\m\m&Mi.m<nim 

Jffi»ffl«6 0 0lCfcl 0 0^ra«^LTt>SS«iHRC 

[0016] i3TF*c, xmmn&ivz&ftmmx 
v*<Dmm%m&z*t. at. mxmuzj:*)+ 30 
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- H y WA® £ £ flJBUMSFfc H R C 4 4 J2lTfc»*. & Z 
btm&b%htz*>. *eO±|g£0. 30%iL£. 

0. 1 0%*Sre»i. -HttrWS*«f*Mi$rV*> 
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mrap&ixmjtiit&t, &ml£o>4oot;x6 

OftlXStii, RV. O6 0 0X;x6 0^tTS^<02 



5/11/2006, EAST Version: 2.0.3.0 



[0026] 



(4) 

* * [^1 ] 



#^¥6-235046 



m 


















CO 
CM 

CM 

1 

o 

CO 

B? 

Us 


1 

33 
CO 

1 

z; 

CO 




go 


co 


CO 
CO 


CO 


oo 


LO 
CO 


LO 
O 


CM 
O 

o 


o 
o 


CO 

o 


§ 

CO 




co 


co 




o 


CO 


o 


o 


CO 


o 


o 






CO 

I 


CO 

o 


CM 

o 


to 
o 


oo 

s 




CO 

o 


CO 
CO 
CO 


LO 
CM 

o 


CM 
O 








o 


o 


o 


CO 


o 


o 


CO 


CO 


o 




o 


m 

CM 

co 


1 


CO 
CO 


1 


LO 
t— 

CO 


1 


1 


CO 
LO 

CO 


o 

CM 


1 






o 


CO 

co 


CO 

o 


CO 

o 


LO 
CO 


o 


LO 
O 




1 


1 






co 


CO 


CO 


o 


o 


CO 


CO 


CO 










o 


CO 


CO 
CO 


LO 
LO 




CM 


CO 


CO 


CO 

oo 


1 


m 




o 


CO 


CO 


o 


o 


o 


o 




o 






1 


CO 
CO 


co 

CM 


LO 

o 


CO 
LO 


LO 
CO 


CM 
CM 


CO 


, — < 
CO 


o 

CO 


CO 
XT 


Jmrl 


© 
as 


CM 


CM 




CM 


— 




CM 


CM 


CM 








1 


1 


o 

CM 


CM 
CM 


CO 
CO 


CM 


1 


^ 

oo 

CO 


<o> 

CM 


1 


o 
=S 


CO 
CO 

CM 


CO 
CM 

CM 


1 


CO 
LO 


in 

CO 


1 


CO 
CM 


o 
to 

CM 


LO 
OO 


OO 
CO 

CM 


AJ 


ha 


O 

oo 


CO 
CO 


CO 

LO 


LO 


CO 

oo 


CO 
CO 


CM 
CM 


LO 
CO 


CO 


1 






CM 




CM 


CM 




CM 


CM 




CM 








o 
a> 


CM 
CO 


LO 
C"«- 




<x> 


cm 

CO 


LO 
CO 


oo 
oo 


CM 
OO 


o 

CO 








CO 


CO 


o 


o 


o 


o 


CO 


o 


CO 




C 

55 


CO 
CO 


in 

CO 


CO 
LO 

O 


CO 
CO 

o 




LO 


o 

LO 


LO 
CO 


LO 
LO 

CO 


o 

LO 
CO 




oo 


in 
o 


o 

lo 

CO 


o 

CM 
O 


LO 
LO 

O 




co 

CO 


o 


o 


o 

CO 

o 


LO 
CO 

o 






CO 

o 


CM 
CM 

O 


LO 

o 


o 

CM 
O 


00 / 


LO 
CO 


«— 1 
CM 

o 


CO 

r—i 

CO 


CO 
CM 

CO 


CM 
CM 

o 


ft 


d 
as 


< 


CQ 


O 


Q 


CD 




O 






-> 










5 


1 


s 







[ 0 0 2 7 ] #t£SW<0:*£ ££f|4 OwaX&ZA 0m 
t IX. ±M?®Wmk. MASIML®$£a)Rtf©c7)2 

X. QmfrhvvfrV-fflffillUTl. J I S3^ 
f^m0nx£$5 5mm£Uy>y^SDlU J^KT 

£#4 0minX;K$4 0nrofcLT. ±fE&*!UIt^ 4 0 0*50 



src&siLttfcovvt, fg§ytF4>(;:6 o o-cx 1 oob^hj 
zmmztv&x'mmix. mmsLmmzmmi 
uiis*f\st-®&®m*>xm<. tKitmuim 
xmw zniziti. *mmu^-ftn>is*ivv-m 



5/11/2006, EAST Version: 2.0.3.0 



[0028] 



(5) 
* * [^23 



8^6-2 3 5 04 6 



8 





&AffimiWZ ( HRC ) 


( J/cH J ) 


( & HRC ) 




No. 








A 


42.1 


46.0 


95.0 


-5.5 




B 


42.7 


47.2 


98.3 


-5.2 


SB 


C 


41.8 


46.1 


83.0 


-5.4 


D 


42.1 


46.5 


83.1 


-5.9 




E 


42.3 


47.5 


85.2 


-5.0 




F 


42.0 


46.0 


80.2 


-6.2 




G 


42.4 


46.8 


92.5 


-5.6 




H 


42.3 


47.0 


82.1 


-5.7 




I 


44.0 


47.5 


30.3 


-5.2 


« 


J 


38.6 


43.2 


63.2 


- 12.2 



[ 0 0 2 9 J act . Bttfc&HI-N b j&hftOlHte x 

+;i<tHnwita^*iBELfca»*H2ts?t. n 
mzR^mm<F>tt&m\*, o. is%c-o. 5 

%Si-0. 4%Mn-0. 6%N i - 1 . 8%Cr- 
2. 0%Mo-0. 4%V-0. 4%Co-(0-0. 

16%) n b t^aF e &*v^mmx*>i . SS 

[0030] 02*^W5 J: 3 1. N b SsMtftiflirf 
0. 0 2X-C^-v^KHBWW4»7 0 J/crf fc& 
tf-®S<i^8 5 J/cm2 (Cjt?6. Nb#0. 10 

mzm'j? uww>* ,^t. twboB*> n b commm 
t±o. 0 2-o. i Q%t-rhzktf&gxhh. 
[oo3i] $kuzmh*%&mntfflmicoi? 
am^nm5(D u> t (b) t^-r. nut. * 

[0032] 



mi 



i ooot:x3o««j*-jw> 

4 0 0'Cx6 0#£fiH£# 

5 3 0°CX8^S 



**WDWHI±. 05O (b) <0Nb££4fcHJtSfi8II 
tit*. HfciWclNtfitfBHIfcSftT^S i fctfffl 
S>. 

[0034] 

mmnums*s»x* mzNbz*G?zz:biz 
£vmi<%iy&mwitztm&tfto±ixii*). is 

30 lcJ:9mMiatt*<M±U JtaMMWcflftL-Cb 

zti&ntxc o *»anu:£ k t<t vmzmm&ifc 
mt Lxm&>i>(7)izitLxm#>xmitii><ot%'> 

[Hi ] tfajafl^as mxmmmmm s ftn<oJt 
[023 mmi\2msajmn*mmtmmm 

[031 ^ffiQM^RIXJIM04^Mkf£«M0ff 

&mm.tnmit<mmt?>mx'hh. 
[04 3 BtttaertN b»«^»s&*-r^57co 

0T*S. 

[05 ) * 1 C£lt**%&MH*>$ ^afflfil^XSr 
(a) t, lt«^I^S^offl«S^$: <b> fcjj**H 



[0033J 050 (a) ONb£0. 0 6%8SJnitfe^ 



5/11/2006, EAST Version: 2.0.3.0 



(6) 



1^^6-235046 



[013 



[05] 



(HRC) 





60 










55 




















50 




mutism 






15 






\ 




10 


















35 










30 






t 



100 500 600 

ft R a & oc> 



700 




(a) 




[02] 



55 



50 



45 • 



40 



w 35 

w 

a 30 



25 



20 



-T , » 1 1 

Austenitized at 1030*C X 20min A.C. 




— 1 — fi — 1 — u — i- 

Aa 200 400 

quenched 



S00 



600 



700 800 



Tempering temperature CO X ih A.C. 2tiroes 



5/11/2006, EAST Version: 2.0.3.0 



(7) 



#^¥6-235046 




[04] 



(J/cu*) 
> 100 




0 I " 1 1 1 1 1 1 1 

0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 
N b S (S a 96) 



5/11/2006, EAST Version: 2.0.3.0 



This Page is inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of the 
original documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE- CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWTNG 



j^gj^LURED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLORED OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REPERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning documents will not correct images 
problems checked, please do not report the 
problems to the IFW Image Problem Mailbox 




